Abstract A dramatic increase in the breeding population of geese has occurred over the past few decades at Svalbard. This may strongly impact the fragile ecosystems of the Arctic tundra because many of the ultra-oligotrophic freshwater systems experience enrichment from goose feces. We surveyed 21 shallow tundra ponds along a gradient of nutrient enrichment based on exposure to geese. Concentrations of total phosphorus (P) and dissolved inorganic nitrogen (DIN) in the tundra ponds ranged from 2-76 to 2-23 g l ¡1 respectively, yet there was no signiWcant increase in phytoplankton biomass (measured as chlorophyll a; range: 0.6-7.3 g l ¡1 ) along the nutrient gradient. This lack of response may be the result of the trophic structure of these ecosystems, which consists of only a two-trophic level food chain with high biomasses of the eYcient zooplankton grazer Daphnia in the absence of Wsh and scarcity of invertebrate predators. Our results indicate that this may cause a highly eYcient grazing control of phytoplankton in all ponds, supported by the fact that large fractions of the nutrient pools were bound in zooplankton biomass. The median percentage of Daphnia-N and Daphnia-P content to particulate (sestonic) N and P was 338 and 3009%, respectively, which is extremely high compared to temperate lakes. Our data suggest that Daphnia in shallow arctic ponds is heavily subsidized by major inputs of energy from other food sources (bacteria, benthic bioWlm), which may be crucial to the persistence of strong top-down control of pelagic algae by Daphnia.
Introduction
Over the past years, it has become evident that mobile consumers such as birds may make large contributions to rather distant ecosystems. Because waterfowl aggregate in large groups, nutrient load derived from guano may contribute up to 30-60% of nutrient loading rates in certain wetland areas (Bildstein et al. 1992; Kitchell et al. 1999; Olson et al. 2005) . These bird-borne nutrients may cause eutrophication not only of wetlands but also of other ecosystems with a high density of birds.
At Svalbard, the breeding population of geese, primarily barnacle geese (Branta leucopsis Bechstein) and pink-footed geese (Anser brachyrhynchus Baillon), has increased dramatically during the last decades, partly owing to increased food availability at the wintering grounds but also due to climatic shifts that improve winter survival . These geese are impacting the surface waters of the high Arctic, which in this region mostly consist of shallow permafrost ponds in coastal areas where the birds breed and graze. The geese release fecal matter not only in the catchment of the ponds but also directly into the water, especially during moulting periods (Prop et al. 1984) . This implies strong linkages between freshwater and terrestrial environments and also demonstrates that ecosystem eVects at lower latitudes (i.e., increased survival of geese during the winter stay and migration) may have strong, local consequences on arctic ecosystems (JeVeries and Rockwell 2002) .
The gradient in fertilization by bird-borne nutrients oVers an opportunity to test the eVects of nutrient input in general on these simple ecosystems, and it also allows for predictions of future eVects on Arctic ponds and lakes if the expansion of geese proceeds. Arctic systems are considered to be highly sensitive to structural and functional alterations resulting from nutrient input and climate change (Hobbie et al. 1999) . Arctic lakes and ponds in particular are expected to respond rapidly to changes in temperature and nutrient load because of the short (ice-free) growing season and generally nutrient-poor conditions (Douglas and Smol 1994; Rouse et al. 1997) .
To predict the eVects of nutrient enrichment and climate change on primary productivity, a mechanistic model needs to be developed which incorporates relevant processes for algal growth in arctic lakes and ponds (Flanagan et al. 2003) . In general, algal biomass is regulated by the balance between available resources (light, nutrients, and temperature) and grazing. The relative importance of these processes in polar environments is an unresolved issue because, at similar nutrient levels, aquatic ecosystems in high-latitude regions have a lower algal biomass compared to temperate water bodies (Shortreed and Stockner 1986; Hansson 1992; Flanagan et al. 2003) .
The goal of the investigation reported here was to determine the relative importance of available resources (light, temperature, and nutrients) and grazing control in a set of arctic ponds at Svalbard that formed a gradient in terms of goose exposure and, consequently, nutrient inputs. These shallow ponds on permafrost layers generally freeze solid during the winter and are thus devoid of Wsh. They are also characterized by high densities of the herbivorous zooplankten Daphnia, a key group for structure and functioning of many (arctic) water bodies in the northern hemisphere (Stross et al. 1980; O'Brien et al. 2004) . The eVects of bird-borne nutrients were determined by bioassays on limiting nutrients of phytoplankton growth and measurements of phyto-and zooplankton biomass.
Materials and methods

Study area
The 21 ponds sampled were situated on the Svalbard archipelago, Nordenskioldkysten (near Capp Linné; 14 ponds; latitude: 78°) and Kongsfjorden (near Ny-Ålesund; seven ponds; latitude: 79°). The climate in Svalbard can be characterized as an "arctic semi-desert", with short cool summers and long cold winters, and an annual precipitation of 200-300 mm. The surface area of the ponds ranged from 0.03 to 34 ha, although 19 of the 21 ponds were less than 4 ha. The sediment in the ponds consists of mud, stones, and gravel. All ponds had a high water transparency, and the bottom could be clearly seen from the water surface, allowing for a vigorous benthic production.
At both Nordenskioldkysten and Kongsfjorden, there was a gradient in nutrient levels of the ponds. The number of goose droppings at a distance up to approximately 25 m from the shoreline was used as an indicator of the fecal input of Barnacle geese into the ponds. The density of goose droppings in this area was recorded using a semiquantitative scale (none, low, medium, and high) and converted to an ordinal scale ranging from 0 to 3 for statistical analysis. However, such estimates only provide insight into the number of visiting geese at a relative short time scale and, in addition, a signiWcant proportion of the goose droppings can be consumed by reindeer (van der Wal and Loonen 1998), which may strongly bias the estimates of the density of goose droppings. We therefore also estimated the cover of moss vegetation with graminoids up to a distance of approximately 25 m from the shoreline of the ponds, which has been shown to be positively related to the number of moulting geese near ponds in Svalbard (Prop et al. 1984; Drent et al. 1998) . We estimated four classes of moss cover around the lakes: class 0: 0-10%; class 1: 11-30%; class 2: 31-60%, and class 3: 61-100%.
Our results suggest that the nutrient gradient in the ponds may have been caused by diVerences in fecal input of geese. To determine the bioavailability of phosphorus (P) in the droppings of Barnacle geese (which were collected on Svalbard and subsequently dried at 60°C and grounded), a bioassay with the green algae Selenastrum capricornutum was carried out in laboratory. In this bioassay, approximately 50-60% of the P in goose droppings was bio-available on the short term (after 11 days of incubating goose droppings at 8 and 13°C, respectively; results not shown). For the ponds sampled, moss cover was positively related to the number of goose droppings (Spearman R = 0.47; P < 0.05), and moss cover around the lakes was positively related to particulate carbon (C), nitrogen (N), and P as well as total phosphorus (TP) levels (R = 0.47, 0.44, 0.64, and 0.56, respectively) . In addition, the number of goose droppings was positively correlated to particulate C, N, and P (R = 0.73, 0.69, and 0.53, respectively), but not to TP (P = 0.11) or dissolved inorganic nitrogen (DIN) levels (P = 0.84). Both moss cover and number of goose droppings as well as ortho-phosphate and TP levels were higher for ponds near human settlements. This may be caused by the higher numbers of geese near ponds at these sites because in our study area geese have a strong preference to graze near human settlements (M. J. J. E. Loonen, unpublished data). Nevertheless, for ponds in the immediate vicinity of these settlements (n = 4) we cannot rule out additional cultural eutrophication, although three remote ponds (which were heavily inXuenced by geese and situated approximately 2 km from human settlements) also had high nutrient levels (range TP: 0.03-0.06 mg l
¡1
). The input of feces of seabirds is assumed to be very low because the number of roosting sea birds is very low, and none of the ponds were situated in the vicinity of bird cliVs (M. J. J. E. Loonen, unpublished data). Furthermore, DIN and TP levels were not signiWcantly related to the catchment area of the lakes (Spearman R = ¡0.20 and ¡0.19, respectively). Concentrations of dissolved organic carbon (DOC) were not analyzed in this survey, but other studies in the same region show that most localities are low in DOC (1-5 mg DOC l ¡1 ), and only the most eutrophied pond, which was also surrounded by wet areas and mosses, reached 10 mg DOC l ¡1 (Hessen and Leu 2006) .
Enrichment bioassays
The potential for phytoplankton growth limitation in two ponds in the vicinity of Ny-Ålesund was assessed using in situ nutrient-enrichment bioassays. The ponds were chosen for diVerences in nutrient concentrations: in Goose Pond, TP and DIN levels were 30 and 9.3 g l
¡1
, respectively; in Storvatn, they were 5 and 25 g l
, respectively. The enrichment bioassays were carried out from July 13 to 24, 2004. Water (with phytoplankton) from both ponds was collected and Wltered through a 35-m sieve to remove zooplankton; this step may have potentially caused a bias in the size distribution of the phytoplankton, as chlorophyll levels for unWltered samples at day 0 were approximately 20% higher than those for the 35-m Wltered samples. Experimental bottles (acid-washed, 1 l, clear PVC) were Wlled with Wltered water (35-m sieve) collected from the respective ponds, and these were subjected to various nutrient treatments: (1) phosphate at a concentration of 50 mol l ¡1 , (2) N at a concentration of 1000 mol l ¡1 , (3) combined addition of phosphate (50 mol l ¡1 ) and N (1,000 mol l ¡1 ), and N (1000 mol l
) and phosphate (50 mol l ¡1 ), and (4) trace elements constituting the full COMBO medium (Kilham et al. 1998) . For both ponds, each treatment was performed in triplicate. The bottles were subsequently incubated in Goose Pond at approximately 1-2 cm below the surface of the water for 11 days, at which time they were shaken and a subsample from each bottle Wltered through a GF/C (glass Wber) Wlter. The Wltered samples were stored at ¡20°C until they could be analyzed for chlorophyll content (thereby excluding phaeopigments) by extraction with 80% ethanol (5 min at 75°C) and spectrophotometric analysis (Anonymus 1981) . Phaeopigment content was determined following acidiWcation of the chlorophyll samples and subsequent measurement at 750 and 665 nm.
In 2003 and 2004, 150 and 28 fresh goose droppings (<6 h) were collected in Ny-Ålesund on sites that were used by barnacle geese. All droppings were intensively homogenized in a blender and dried overnight in an oven at 60°C. The dry weight of the goose droppings was then measured, and the C, total nitrogen (TN), and TP concentrations were determined for 13 (in 2003) and Wve (2004) replicates. Samples for particulate (seston) C and N were ground and analyzed using an Carlo Erba Elemental Analyzer (type NA-1500). For determination of particulate P, the Wlters were combusted for 2 h at 550°C, after which the P content was measured according to Murphy and Riley (1962) .
Sampling of ponds
Between July 14 and August 3, 2004, 21 ponds were sampled at two areas of Svalbard -Nordenskioldkysten and Kongsfjorden. Surface water was collected at the center of each pond for all samples except those of the zooplankton (see below). The water was collected at a depth of approximately 5-10 cm below the surface of the water, and macrozooplankton was removed by screening the water through a 100-m Nitex mesh. The samples were subsequently analyzed for TP and chlorophyll (GF/C Wlters) content andfollowing Wltration through GF/F Wlters -for the concentrations of dissolved nutrients (PO 4 -P, NH 4 + , NO 3 ¡ , and NO 2 ¡ ) and calcium, and salinity. All samples used for the P analysis were Wxed with H 2 SO 4 , while those used for the N, calcium and salinity analyses were stored frozen. In addition, samples (of Wltered water <100 m) were taken for analyses of particulate C and N (GF/F Wlters precombusted for 2 h 500°C), and particulate P (acid-washed GF/F Wlters). Depending on the amount of algal biomass, the Wltered volume for the chlorophyll a and particulate CNP analyses varied between 100 and 1000 ml. Samples for the particulate CN analyses were dried overnight in an oven at 60°C and subsequently frozen at ¡20°C, while those for the chlorophyll and particulate P analyses were immediately frozen. For seven ponds situated at Kongsfjorden, Wve replicates per pond were taken for the chlorophyll and particulate CNP analyses; for the remaining 14 ponds at Nordenskioldkysten, only one replicate per pond was taken for each of these analyses due to logistic constraints. For two ponds located in the surroundings of Ny-Ålesund (Goose pond and Storvatn), samples were taken for the determination of chlorophyll at intervals of 1-2 days during July 23-31. Data regarding the weather conditions at Ny-Ålesund were retrieved from a meteorological station, which is situated approximately 2.5 km from Goose pond and Storvatn.
Samples for the particulate C and N analyses were ground and analyzed using a Carlo Erba Elemental Analyzer (type NA-1500). For the determination of particulate P, the Wlters were combusted for 2 h at 550°C, after which the P content was measured according to Murphy and Riley (1962) . TP, ortho-phosphate, ammonium, nitrate and nitrite levels were measured using a segmented Xow analyzer (Skalar, type SA 400). For Wve ponds in the surroundings of Ny-Ålesund, 100 ml was preserved with 1% gluteraldehyde; of these samples, the total bacterial number count determined by staining with pico-green, followed by Xow cytometric counting (Veldhuis et al. 1997) .
Zooplankton was sampled quantitatively for 17 of the 21 ponds, and quantitative samples were taken at Wve to ten locations that were regularly distributed spatially in each pond. For the quantitative samples at Nordenskioldkysten, 57-170 l of water (mean § SD: 66 § 37 l) from each pond was Wltered through a 45-m net. Zooplankton >45 m were Wxed with 80% ethanol. For Ny-Ålesund, 10-20 l of water from each pond was Wltered through a net and zooplankton>45 m were subsequently Wxed with lugol. The zooplankton community in the ponds was dominated by Daphnia; rotifers and copepods were recorded only occasionally. Consequently, our analysis of the length distribution, biomass, and fecundity of the zooplankton population was restricted to Daphnia species. Subsamples were taken when the number of animals exceeded 100 individuals per pond sample. Individual length (measured from top of the head to the base tail spine) was measured to the nearest 0.1 mm, and biomass was estimated on the basis of the following length-dry weight regression et al. 2007) , which was derived from a cultivated clone of polar Daphnia pulicaria (identiWed according to Weider and Hobaek 2003) from Svalbard. Based on the shape of the length-frequency distribution, Daphnia biomass was calculated separately for adults and juveniles. The P content of Daphnia was then calculated using a conversion factor for P to dry weight (DW) of 1.5% (see Hessen et al. 1992) . For ten randomly collected individuals of Daphnia from each pond, the C and N content was measured after combustion at 850°C on a Unicarb Universal Carbon and Nitrogen Analyzer (Salonen 1979) .
At Nordenskioldkysten, 23-27 individuals of Daphnia from each pond were randomly collected and stored in 80% ethanol, after which the species composition was determined according to Weider and Hobaek (2003) .
Results
In situ bio-assays for nutrient limitation
We assessed nutrient limitation in the ponds based on the results of short-term bioassays of the respective phytoplankton communities (namely, allowing species composition to change during the incubation period) (Howart 1988) , as limitations in the net primary production of the phytoplankton communities is indicative of nutrient limitations. The addition of all nutrients of the COMBO-medium (Kilham et al. 1998) or a combined addition of N + P stimulated algal growth, whereas separate additions of N or P did not result in increased concentrations of chlorophyll a (one-way ANOVA: P < 0.000001; F 4 = 296 for Storvatn; P < 0.0001; F 4 = 27 for Goose pond; Fig. 1 ). Furthermore, in both ponds enrichment with micronutrients in addition to N and P resulted in signiWcantly higher chlorophyll a levels compared to N + P addition, suggesting that in addition to N and P, other nutrients may also limit algal growth.
Abiotic variables
With one exception (Ossian pool: +92 m), all ponds were situated in Xat coastal lowland ·30 m a.s.l. The surveyed ponds tended to be shallow (mean depth: ·1.5 m) and were isothermal during the ice-free period (early July to late August). Water temperature of the ponds was measured during sampling (at varying times during the day) and ranged from 6 to 10°C, but increased to 16°C in shallow parts of some ponds during sunny days. Hence, temperature variability within a pond at diVerent times of the day and on diVerent days was higher than that between ponds. Among samples from the 21 ponds, the concentration of various elements varied considerably. TP of Wltered water (TP <100 m) ranged from 2 to 76 g l ¡1 , and the average for all ponds was 21 g l ¡1 . On average, the proportion of ortho-phosphate to TP was 42% § 29 (SE). Bio-available N and P can best be approximated measuring the levels of DIN and TP, respectively, as a large fraction of dissolved organic N is unavailable directly for phytoplankton growth (Morris and Lewis 1988) . DIN levels ranged from 2 to 23 g l
¡1
, with an average of 8.4 g l ¡1 . Ammonium concentrations were all below the detection limit. Although all ponds can be characterized as fresh water, salinity (range: 0-0.529 psu) was highest in ponds situated a short distance from the sea. The nutrient content of goose droppings was comparable between years (Table 1) .
Bacteria and plankton composition of surveyed ponds
Chlorophyll levels ranged from 0.6 to 7.3 g l ¡1 (range standard error: 0.04-0.14 g l ¡1 ) and were positively related to the surface area of the pond (Spearman R = 0.66; P < 0.01). In contrast, chlorophyll levels were not signiWcantly related to TP or DIN concentrations as determined by a multiple linear regression analysis (R 2 = 0.078, P = 0.94; Fig. 2 ). TP was positively related to particulate C, N, and P concentrations. The particulate C:P ratio (molar) diVered considerably among the ponds (range: 86-655), while the ratio of particulate C:N ranged from 7 to 14. The particulate N:P ratio ranged from 7 to 70, whereas the N:P ratio of goose feces ranged from 6 to 9 (Table 1) . For two ponds in the vicinity of Ny-Ålesund, chlorophyll concentrations (range: 0.3-2.8 g l ¡1 ) were positively related to daily variations in wind speed (Fig. 3) , which indicates the resuspension of benthic autotrophs into the water column during windy periods. Bacterial counts ranged from 6.6 £ 10 6 to 3.8 £ 10 7 and were strongly positively correlated to TP content of the ponds (Product Moment Correlation = 0.98; P < 0.05; n = 5). Based on the bimodal length frequency distribution of the Daphnia population, two separate cohorts of Daphnia could be distinguished in each pond: one represented individuals that had hatched from ephippia shortly after the iceoV, and a second cohort of (juvenile) individuals consisted of oVspring from the Wrst generation (Fig. 4) . The total biomass of Daphnia was negatively correlated with the particulate C:P ratio ( Fig. 5 ; Spearman R = ¡0.72), while particulate P was marginally related to total Daphnia biomass (R = 0.42; P = 0.09). Total Daphnia biomass was not related to the particulate C:N ratio nor to chlorophylla levels in the ponds. The biomass of juvenile Daphnia's was positively related to particulate C, N or P (R = 0.63, 0.56, and 0.74, respectively), but not to the particulate C:P or C:N 
ratios. The presence of the notostracan Lepidurus arcticus
Pallas was recorded in four of the 21 ponds and was not related to Daphnia biomass or nutrient content of the ponds. At the time of sampling, reproduction was almost entirely restricted to adult Daphnia, as <1% of the second cohort of Daphnia carried eggs or ephippia. The prevalence of ephippia varied between 0 and 46% of the adult population in the ponds and was not related to TP content or other (a)biotic variables. In contrast, egg-bearing Daphnia were only present in ponds with low TP (and hence high particulate C:P). For the ponds at Nordenskioldkysten (n = 14), the Daphnia community consisted of D. tenebrosa and polar D. pulicaria, and -in one pond -European D. pulicaria (Tables 2, 3) .
The median percentage of Daphnia-N and Daphnia-P content relative to particulate (seston) N and P was 338 (w/w) and 3009%, respectively. This indicates that other sources of P than seston must be available to Daphnia (bacteria, benthic bioWlm).
Discussion
A major Wnding in this study was the lack of a positive correlation between concentrations of chlorophyll and TP or DIN, supporting previous studies in arctic water bodies (Flanagan et al. 2003) . It has been suggested that in the arctic, phytoplankton may not be able to utilize increased nutrient levels because of the limitations set by low water temperatures (Flanagan et al. 2003) or low photosynthetic rates (Markager et al. 1999 ). However, chlorophyll levels increased rapidly in the in situ bio-assay enrichments in our ponds, indicating that algal growth rates were not suppressed by low water temperature or physiological constraints. This can be explained by the shallowness of these ponds, which warm up faster and hence have an extended growing season with higher temperatures compared to (generally deeper) arctic lakes .
Our results suggest that the striking lack of correlation between nutrient levels and chlorophyll may be partly explained by the "two-level" food web structure of arctic ponds (see Hansson 1992) . In our ponds, Daphnia biomass ranged from 0.03 to 1.55 mg DW l ¡1 , which is comparable with observations elsewhere in shallow arctic ponds (Stross et al. 1980) and Wshless alpine ponds (Strecker et al. 2004 ). The strong increase in Daphnia biomass with the decreasing C:P ratio of seston (namely, increasing P content) suggests that increased nutrient loadings were directly channeled into grazer biomass in these systems. Tundra ponds freeze solid during winter and are thus devoid of Wsh, while the omnivorous invertebrate Lepidurus arcticus, which was present in some ponds, was seemingly unable to control zooplankton biomass despite its potential to utilize Daphnia as a potential food source (ChristoVersen 2001). Hence, top-down control on grazers was virtually absent, which allowed for a high Daphnia biomass and a truly eYcient grazing in these ponds (see Hessen et al. 2004) . As a result, primary production was eYciently channeled into Daphnia without causing elevated algal biomass.
In addition to zooplankton grazing, the lack of a correlation between TP and algal biomass may also be caused by N limitation setting constraints on algal growth in arctic lakes and ponds (Levine and Whalen 2001; Nydick et al. 2004) or a narrower range of bio-available P than indicated by the TP values [E. Jeppesen (unpublished) in Vadeboncoeur et al. 2003 ]. However, TP values were highly correlated to particulate P and N concentrations, indicating that a substantial fraction of the N and P was available for algal growth. In addition, DIN levels were not related to chlorophyll concentrations during multiple regression. Nevertheless, based on the concurrent limitation of algal growth by N + P in the bioassays, we cannot exclude the possibility that, in addition to intense zooplankton grazing, N limitation of phytoplankton growth may also partly explain the lack of correlation between TP and algal biomass. In agreement with our results, Levine and Whalen (2001) also suggested N and NP levels limited phytoplankton production in 39 Alaskan lakes. However, the strong stimulation of algal biomass by addition of micronutrients in the bioassays suggests that these elements may also limit phytoplankton growth. In these shallow ponds with high water transparency, phytoplankton may experience nutrient competitions from benthic algae (Hansson 1988) , and the relationship between chlorophyll and nutrient concentrations may be aVected by the resuspension of benthic algae on windy days. In two ponds sampled repetitively, chlorophyll varied from 0.3 g l ¡1 on quiet days up to 2.7 g l ¡1 on windy days. However, although these factors may have inXuenced the nutrient-to-chlorophyll ratio in our survey, the striking diVerence between these arctic Wshless systems and subarctic Norwegian lakes with Wsh (Fig. 2) suggest a strong grazing control by zooplankton in the absence of Wsh.
The molar C:P ratio of seston was far higher than 300 even in the most nutrient-poor ponds, which is the threshold ratio above which Daphnia growth becomes P-limited (Sterner 1993) . Accordingly, the C:P ratio of seston increased with decreasing P levels and coincided with a strong decrease in Daphnia biomass. Bacterial numbers as well as the particulate C:P ratio were highly positive related to the concentrations of TP in the ponds (Product Moment R 2 = 0.98; n = 5). Therefore, in nutrient-rich ponds, bacteria could serve as an important alternative P source for Daphnia, as bacteria are relative rich in P (Hessen and Andersen 1990; Vadstein 2000) . A similar increase in Daphnia density and bacterial number with TP has also been found in sub-arctic water bodies (Shortreed and Stockner 1986) .
The positive relation between chlorophyll and average wind speed (Fig. 3) or lake surface area suggests that in our shallow wind-exposed ponds, a large proportion of algae in the water column may very well have a benthic origin. These results suggest that Daphnia's in shallow arctic ponds are heavily subsidized by major inputs of energy from benthic food sources, as has experimentally been demonstrated in other arctic water bodies (Rautio and Vincent 2006) . Indeed, mass balance studies of C Xuxes in a mesocosm experiment in Brandallaguna (a pond which is included in our survey) showed that the pelagic algal and bacterial production was insuYcient for sustaining the maintenance costs of Daphnia during zooplankton peak biomass (Hessen et al. 2004 ). The role of this "subsidizing" energy link between benthic algae and daphnids may be crucial to the persistence of high Daphnia biomass and, consequently, a persistent strong top-down control of phytoplankton.
Compared to temperate lakes, the percentage of N and P bound in Daphnia biomass is extremely high (median of 3009% for P and 338% for N compared to maximum values of approximately 50 and 20%, respectively, for oligotrophic temperate lakes; Hessen et al. 1992) . Consequently, in these systems Daphnia's do not only recycle nutrients but also serve as temporary nutrient traps. This may have strong implications in terms of the nutrient limitation of phytoplankton growth, as indicated by the concurrent limitation of N and P in the bioassays. Concurrent limitation by N and P may be indicative of an extreme shortage of these nutrients for phytoplankton growth (Morris and Lewis 1988) . As a result, cellular N:P ratios are near limiting values for a large proportion of the phytoplankton assemblage, and even a small increase in P concentration may drive algae growth into a N limitation state or, vice versa, cause a situation rather close to co-limitation of N and P. Thus, as a consequence of Daphnia-dominance in these "two-level" food web systems, we hypothesize that pelagic algae suVer directly from grazing and indirectly from reduced nutrient availability due to the accumulation of nutrients in the form of Daphnia biomass.
The increased geese population in the high Arctic constitutes an important link between climate changes and land-use practices in central Europe and aVects remote and fragile ecosystems in the high Arctic. In terms of its eVects on freshwater ecosystems, however, although it may indeed aVect benthic productivity, our results indicate that nutrient enrichment in Wshless ponds may not necessarily result in increased algal biomass due to intense zooplankton grazing, thereby supporting the view that the number of trophic levels is vital to trophic cascade eVects.
